Abstract. Strategies and action plans for reducing climate-related disaster risk can be pursued through mitigation and adaptation. In the last ten years, extreme climate events have severely caused flash floods, debris flows, landslides, etc. and have damaged many sectors, including agriculture, infrastructure and health. Since climate change is expected to have continued effects on social functioning and human development, this study proposes a vulnerability assessment framework combining both biophysical and social vulnerability and further carries out synthesized vulnerability analyses to identify vulnerable areas at the county level. Because of its geographical, geological and climatic features, Taiwan is susceptible to earthquakes, typhoons and numerous induced disasters. In many areas of Taiwan, potential hazards include debris flows and flash floods, but these problems are particularly severe in Taitung County. Moreover, the impact of climate change will further cause severe damages and disasters. Therefore, an urgent task for Taitung County is to establish a vulnerability assessment framework as a policy tool to identify not only the regions needing attention but also the hotspots in which efforts could be made to reduce vulnerability. To analyze the biophysical vulnerability of Taitung, this study examined hazards in seven maps from Taiwan's National Science and Technology Center for Disaster Reduction (NCDR) and made some adjustments according to local characteristics. Statistical data from the NCDR regarding social vulnerability were also used. Finally, GIS overlaying technique was used to perform a synthesized analysis of biophysical vulnerability and social vulnerability for each township.
Introduction
According to the Fifth Assessment Report by United Nations Intergovernmental Panel on Climate Change (IPCC), the global average land and sea surface temperature has risen linearly since 1950. Climate change is already causing impacts on natural and human systems on all continents and the oceans. If the rate of GHG emissions remains the same or even increases, global climate change may accelerate in the near future [1] . Consequently, the severe impact of the risk and uncertainties stemming from the accelerating climate change are likely to increase [2, 3] and may exceed adaptation limits [1] .
Climate change is expected to increase the frequency of extreme weather events. The expected effects of climate change on the global hydrological cycle include increased water vapor, increased rainfall intensity, and decreased snowfall. In terms of temperature, global warming will increase possibilities of heat waves, and some regions will become more arid [4] . Many institutions and researchers have paid attention to climate change vulnerability, mitigation and adaptation practices relating to this context [5, 6, 7, 8] .
In the late 20th century, temperatures in cities have increased significantly faster compared to rural areas [9] . The climate has also been changing over the same time period [10, 11] . Furthermore, over the past decades, economic losses have been increasing due to the rising concentration of people and assets in hazardous areas, turning many of today's cities a potential risk due to natural hazards [2, 12] . The trend is expected to persist unless disaster and climate risk management becomes part of urban planning theories and practices [3, 13] .
To improve the adaptation capacity of Taiwan, to reduce vulnerabilities, and to establish integrated operational mechanisms, Taiwan's National Development Council approved the "Adaptation Strategy to Climate Change in Taiwan" in 2012. Ministries and subordinate agencies are expected to continue performing adaptation planning, actions, implementation and management under this policy framework, in order to meet the objectives of climate change adaptation. Additionally, the National Development Council completed the "Local Climate Change Adaptation Plan and Practice Guidelines" in December, 2012 to guide local governments in exploring and proposing local climate change adaptation strategies and action plans.
The objectives of the vulnerability assessment are mostly related to the risk identification, the understanding of the factors of vulnerability [14] . Vulnerability assessment frameworks are based on multiple conceptual models, and how the factors in the models interact to affect vulnerability [5] . At current stage, risk assessment information for Taiwan is inadequate, and a holistic and complete assessment requires long-term observations and research. However, the impacts of climate change on Taiwan's environment in the short-term only focus on such disasters as flash floods, debris flows and landslides. The impacts of these disasters on society can be analyzed through the perspectives of prevention and relief management. Therefore, this study examines the historical background and development conditions of Taitung County. Quantitative data for biophysical and social vulnerability, obtained from Taiwan's National Science and Technology Center for Disaster Reduction (NCDR), are adopted to explore synthesized vulnerability to climate change as a foundation for future climate-related adaptation planning.
Literature Review

Vulnerability
Expansions of cities cause over concentrated areas in terms of population and economy and turn many of today's cities into disaster hotspots [13] . This risk is varying rapidly with time, location, exposure, vulnerability and resilience [12] . Vulnerability and resilience are not only about the present status, but are also about what society has done to itself over the long period of time; why and how society has taken certain set of actions to reach the current state; and how society might change the current state to improve in the future [15] . This information is important for increasing sustainability [16] .
The key requirement for contemporary urban planners and managers is to understand the issues of vulnerability and resilience [3, 13, 16, 17, 18, 19] . Authorities must integrate resilience into their decision makings about urban development and governance [13] . However, throughout the world, many cities facing the effects of drastic climate change are expected to work towards a "resilient city", in order to reduce the impact of climate change [3, 13, 15, 18, 20] .
Vulnerability is a persistent, ''normal'' condition related to poor development and unsustainability practices [15, 21] . Vulnerability can be described as a characteristic to environmental change directing toward possible impacts [5] . Adger's definition of vulnerability can fully describe this characteristic: "Vulnerability is the state of susceptibility to harm from exposure to stresses associated with environmental and social change and from the absence of capacity to adapt" [22] .
The vulnerability of specific domains can be evaluated using a synthesized and comprehensive analysis which consists of exposure assessment on various local domains (a group experiences of stressors or a specific area) of climate change, sensitivity assessment of climate change impacts on a specific area, potential impact analysis on each domain in climate change, and analysis of the adaptability of each domain to respond to climate change [5, 6] . Restated, synthesized and comprehensive vulnerability analyses require the explorations of "how?", "why?", and "to what?" people and the environment are vulnerable [5, 6] .
The concept of vulnerability is extremely complex and particularly difficult to operationalize and/or to measure with both biophysical (e.g. climatic conditions, natural hazards, topography, land cover) and socio-economic (e.g. demography, poverty, employment, gender) factors that influence the potential for harm [5, 8, 23] . Climate change and other risks have different effects on vulnerability and have different social effects [3, 17, 24] .
Vulnerability assessment frameworks as a policy tool identified not only the specific areas needing immediate attention but also the hotspots in which efforts could be made to reduce vulnerability to anticipated climate change impacts [3, 23, 25, 26] . Undertaking this propensity will allow us to identify particular measurements for constructing resilience when coping with the disturbance and impacts [3, 26, 27] .
Expanding the Approach to Vulnerability and Resilience
Academics and practitioners have worked hard to explore vulnerability and resilience to the impacts of potential change, at all time and space scales and based on numerous types of change [15, 21] . No longer must ways of living and livelihoods be categorized as vulnerability and/or resilience, but instead they are acknowledged as interconnected multiple sustainability goals, dealing with multiple exposures. Restated, academics and practitioners recognize the potential linkages between vulnerability and resilience frameworks [5, 13] . Vulnerability and resilience are assumed to be connected through response capacity, which is proposed to be a core component of vulnerability [28] .
If this depiction is accepted, it is uncontroversial to suggest that the interconnectedness between vulnerability and resilience is that they are both about responding to a disturbance and its implications for humans and nature. This is not the same as setting up vulnerability and resilience as absolute opposites. Instead, it does capture the idea that a more vulnerable area can often, though not necessarily always, mean being less resilient to unexpected disturbances [5, 27, 28] .
Resilience does not refer to "bouncing back" to a pre-existing state [15] , rather the ability of ecosystems, institutions, infrastructure and knowledge networks to evolve and adapt so that urban residents can survive and thrive even when dealt with numerous unpredictable disturbances [29] . Rather than "bouncing back," resilience and sustainability could instead be established through a society that does not get "back to normal," but instead does better, even through "bouncing forward" [15] "building back better" [2] or "building back better and smarter" [3] .
Recently, resilience has been considered as a more basic component than vulnerability in socio-institutional dynamics [28] . "A 'Resilient City' is prepared to absorb and recover from any shock or stress while maintaining its essential functions, structures, and identity, as well as adapting and thriving in the face of continual change. This requires evidence-based, long-term, and inclusive strategies that take an integrated, systems approach to reduce vulnerability and disaster risk while increasing adaptive capacity in line with sustainable development goals" [20] .
Vulnerability, resilience and adaptation are vital concepts of climate change and have been important constructs in relation to climate change and disaster-related issues [3, 4, 17] . Assessing vulnerability is essential for effective disaster mitigation and for adapting to environmental and climate changes [26] . Moreover, a clear understanding and effective assessment of vulnerability to environmental change and extreme climate events are needed to make sure that policymakers can develop appropriate mitigation and adaptation policies [8, 13, 18] . Local governments therefore have a crucial role and responsibility to prepare for and adapt to climate change.
Resilience as a planning and governance main concern for cities is rising with governments, social scientists, planners, architects and engineers taking up the resilience agenda. Moreover, resilience must be connected to sustainability so that the resilience it is trying to plan and design for actually helps the society move toward preferred future sustainability states, and not undesired ones [12] .
Method Study Site
Often situated along coastlines, in flood plains, or on slopeland, cities and townships with their concentrations of people and assets are vulnerable to numerous disasters [18] . They must adapt to past and future impacts of climate change, despite uncertainties and unknown risks and its local effects [13, 16, 30] . Furthermore, coastal and island communities are particularly vulnerable to the impacts of climate change due to their direct dependence on the goods and services provided by marine ecosystems, the closeness of houses and infrastructure to rising seas and extreme weather events, and the increasing unpredictability of weather patterns. For this reason, an increasing focus has been on climate change vulnerability, adaptation and resilience policies and practices relating to this context [6, 7] .
Climate change scientists report that the current average global temperature is 4°C higher than that of the preindustrial level and may continue to rise until 2060 [31] . Since Taiwan is an island, it is susceptible to natural hazards, including severe climate change impacts. According to a recent IPCC report, the global temperature and sea level have risen significantly, and the speed of the change is accelerating [1] .
Taitung County, one of the 22 municipalities and counties of Taiwan, is located in Southeast coast of Taiwan and includes two small offshore islands, Green Island and Orchid Island. Taitung County is 3,515 km 2 , or 10% of the area of Taiwan, and is the third largest county in Taiwan. The population of Taitung County is approximately 240,000, or 1% of the population of Taiwan.
The north to the south border of Taitung County is about 176 km. Taitung County is the longest and narrowest county in Taiwan. Mountains and hillside areas comprise 85% of its area. The mountainous geographical characteristics of Taitung County limit its arable land. In terms of the effects of topographical and geographical conditions on economic development, the main economic activities of Taitung County are farming, fishing and tourist industries. That is, the county is mostly rural. Moreover, more than one-third of the population in Taitung County is aboriginal peoples. Due to its geographically narrow characteristics, its 16 cities and townships are very different. Furthermore, due to the insufficient financial resources, decision makers must thoroughly examine vulnerability in each city and township in order to reduce the potential climate change impacts and achieve the goal of sustainability and resilience.
Research Methods
Vulnerability assessment frameworks are based on different conceptual models of how these factors interact to influence vulnerability [3] . This study adopts the biophysical and social vulnerability focuses specifically on characterizing the geography of socio-political factors of vulnerability that influence how human and natural systems cope with or respond to hazards and stress [5, 8, 14] . More comprehensive and integrated approaches to vulnerability assessment require a more systemic understanding of human-environment interaction [3, 14] . A visual tool for communicating the results of vulnerability assessment to policymakers, practitioners and the general public is the spatial vulnerability assessment providing maps of the vulnerability distribution and using geographic information system (GIS) and remote sensing data [3, 5, 26, 32] .
Biophysical Vulnerability. In this study, the data used to evaluate biophysical vulnerability included areas affected by mudslides, geographical distribution of rock falls, potential flooding caused by daily rainfall, potential debris slides, potential rock slides, potential tsunami, and dip slope distribution maps provided by the National Science and Technology Center for Disaster Reduction (NCDR). The ratio of biophysical vulnerability area to township area was also calculated to analyze the biophysical vulnerability of each township in Taitung County. The formula for spatial vulnerability is as follows:
.
(1) where , 1, 2, …, 16, represents each city and township in Taitung County: Haiduan, Changbin, Daren, Yanping, Dawu, Beinan, Donghe, Taimali, Jinfeng, Chenggong, Guanshan, Chishang, Luye, Taitung City, Ludao, Lanyu.
area of effect from dip slope, debris slide, olistolith, tsunami, inundation potential (600mm), inundation potential (350mm), rock fall, mudslide.
Social Vulnerability. Four dimensions of social vulnerability included in the NCDR statistics for 2011 were considered: exposure, mitigation & preparedness, response capacity, and recovery capacity. Figure 1 shows that exposure factors include (1) industry, (2) household assets, (3) population; mitigation & preparedness factors include (1) prevention engineering, (2) regulations and enforcement, (3) disaster prevention education; response capacity factors include (1) refuge shelters, (2) disaster disadvantaged group, (3) rescue, (4) medication; recovery capacity factors include (1) economy and (2) social network. [8, 33, 34] . Arguments for not using weights include its simplicity, the subjectivity associated with weighting procedures, and unavailability of all supporting information for weighting [8, 26] . (2) where is the degree of social vulnerability and represents , , , , which are indicators of exposure, mitigation & preparedness, response capacity, and recovery capacity, respectively. , 1, 2, 3 (industry, household assets and population, respectively). The values for each township under each item are z scores standardized from the original data using the following equation: (3) : an original score before standardization : average for the population standard deviation for the population the distance between the original score and the average for the population. The standard deviation is calculated. When the original score is lower than the average, is negative. When the original score is higher than the average is positive.
After normalizing the social vulnerability data provided by NCDR, vulnerability can be compared between each township in Taitung County. The following definitions are applied.
1, 2,…, 27 represents the following factors that affect social vulnerability: gross output value of agriculture, forestry, fishing, and animal husbandry; gross output value of industry and business; value of household property; households in potential debris-flow areas; population; ratio of low seismic design level buildings in Taiwan Earthquake Loss Estimation System; the number of drainage projects; ratio of overused slopeland; the frequency of disaster prevention drills; number of access roads; number of shelters; number of elderly persons living alone; number of persons with disabilities; number of nursing homes; number of firefighters; number of fire engines; number of ambulances; number of hospital service areas; number of medical personnel; number of hospital beds; number of low income households; ratio of recovering time; ratio of typhoon and floods insurance; ratio of earthquake insurance; revenue from subvention; ratio of social welfare.
: The lowest value obtained after standardizing vulnerability score : The highest value obtained after standardizing vulnerability score Normalization formula:
Research Results and Discussion
Biophysical Vulnerability
Notably, Taitung City had the highest proportion of total biophysical vulnerability area to township area because its daily inundation potential (600mm) reaches 10.35%, potential area of tsunami also reaches 5.66%, and the total area of biophysical vulnerability minus overlapping areas result in a total of 14.42%. The second most vulnerable area is Chenggong, mainly due to its dip slope area which stands 2.13%, potential area of tsunami which stands 2.16%, area of debris slide which stands 2.13%, and the total of each biophysical vulnerability area is 9.85%. The third most vulnerable area is Donghe, mainly due to its dip slope area which stands 3.90%, area of debris slide which stands 2.59%, and the total of each biophysical vulnerability area is 7.52%. In contrast, Haiduan had the lowest proportion of land with biophysical vulnerability (0.19%). The most widely distributed area of biophysical vulnerability in the County is dip slope (0.92% of total area) followed by areas with daily inundation potential (600mm) (0.79% of total area). The biophysical vulnerability with the smallest distribution in the county is olistolith (0.01% of total area) followed by mudslide potential with a 0.12% area of affect. Figure 2 shows the biophysical vulnerability distribution in Taitung County.
Social Vulnerability
Normalization of Social Vulnerability Data. The social vulnerability data provided by NCDR was normalized to enable comparisons of townships of Taitung County. The following definitions were applied. The total standardized social vulnerability score for each township can be classified as high, medium, or low. The areas with the highest total standardized scores for social vulnerability are Changbin, Haiduan, Daren, Yanping, Taimali and Donghe. Areas with medium total standardized scores for social vulnerability are Dawu, Chenggong, Guanshan and Chishang. Areas with the lowest total standardized scores for social vulnerability are Beinan, Jinfeng, Luye and Taitung City. Consolidating previous analysis and assessment results improves understanding of the impact of vulnerability caused by climate change in Taitung County and facilitates follow up of adjustment strategies, identification of priority adjustment areas, and identification of areas that are most vulnerable. The causes of climate change today are bound to have impacts in the future. After assessing vulnerability, the natural environment and society of Taitung must enhance its disaster mitigation, response, and recover capacities to address these impacts. Appropriate land use plans, restrictions, and other supporting measures are needed to supplement its capacity for climate change adaptability.
The vulnerability of Taitung is lower than the national average, probably due to its lower total agricultural production, total industrial production, household and building value, and household population. Restated, social vulnerability involves population factors, and Taitung County is scarcely populated. Therefore, from a scientific perspective, social vulnerability is lower than the national average. However, exposure and vulnerability are dynamic; they change with time and space and with factors associated with the economy, society, geography, population, culture, system, governance, and environment. Based on the degree of wealth, education level, disabilities and health, and gender, age, social class and other inequalities in social and cultural characteristics, individuals and communities also differ in their exposure and vulnerability. Therefore, Taitung County should carefully compare the causes of vulnerability in each township to ensure an effective response to the impacts of climate change.
Conclusions
In the near future, a critical challenge for cities will be measuring climate-related vulnerability [3, 4, 13, 17, 18] . Identifying highly vulnerable areas and proposing adaptation plans and strategies are urgent tasks for effective and efficient city governance. Vulnerability studies are applicable in this field and can help identify important sites for carrying out adaptation strategies. The results of this study indicated that the most vulnerable cities and townships in Taitung County are Taimali, Guanshan, Taitung, Donghe and Dawu. The second most vulnerable cities and townships include Yanping, Daren, Chenggong and Changbin. Based on the findings of this study, four additional vulnerability studies at the county level are proposed:
Future Vulnerability Studies Can Select Different Vulnerability Variables According to Local Characteristics
The current study integrated vulnerability by combining biophysical vulnerability and social vulnerability. However, different counties can estimate their own vulnerability level according to scenarios and their history of local disasters. The background data analyzed in this study included the area of effect from dip slope, debris slide, olistolith, tsunami, inundation potential (600mm), rock fall, and mudslide. These data were then used to calculate the coverage of each biophysical vulnerability in different cities and townships and to evaluate the biophysical vulnerability of cities and townships in Taitung County. However, decision makers in different counties can use other variables to measure local biophysical vulnerability.
Social vulnerable was measured in terms of gross output value of agriculture, forestry, fishing, and animal husbandry; gross output value of industry and business; value of household property; households in potential debris-flow areas; population; ratio of low seismic design level buildings in TELES; the number of drainage projects; ratio of overused slopeland; the frequency of disaster prevention drills; number of access roads; number of shelters; number of elderly persons living alone; number of persons with disabilities; number of nursing homes; number of firefighters; number of fire engines; number of ambulances; number of hospital service areas; number of medical personnel; number of hospital beds; number of low income households; ratio of recovering time; ratio of typhoon and floods insurance; ratio of earthquake insurance; revenue from subvention; ratio of social welfare. However, different areas can select different variables according to their local characteristics and can perform further sensitivity analyses to prioritize the input of future resources.
Decision Makers Require Sufficient Climate Change Adaptation Resources
Local governments that are implementing climate change adaptation plans to reduce climate change vulnerability should focus on those cities and townships that are most vulnerable [3, 23, 25, 26] . Moreover, vulnerability is only one of the measurements required for making climate change adaptation plans. Due to the extensive fields and disciplines involved, vulnerability studies are one evaluation tool to integrate different perspectives and can be easy for people to understand local vulnerability and further to promote people's climate change crisis consensus.
Applications in Regional Governance
When discussing the issue of city-region spatial integration from the governance perspective, the objective is not to compare operational management of the different governments within a city-region, but to avoid rigid administrative limitations and to emphasize territorial governance. Studies of climate systems in Taiwan normally use the Dajia River as the boundary between the North and the South. In contrast, the Taiwan Central Government adopts the political boundary for each county and city to draft climate change adaptation plans and does not consider cross-boundary cooperation. By applying the proposed evaluation method of combining cross-boundary governance, Taiwan can perform regional vulnerability evaluations that improve local climate change plan only focusing on each county's political boundary. The Central Government can also perform cross-boundary climate change adaptation plans to increase the comprehensiveness of proposed climate change policies.
Vulnerability Can Further Integrate with Future Climate Change Scenario Simulation
Currently, no prediction values have been set for simulations of future scenarios in Taiwan. Therefore, no vulnerability evaluation for different future scenario can be performed; only secondary statistical data can be used to estimate possible conditions for different counties and cities. Future studies should include variables for different situations and should integrate simulations of various climate change scenarios to compare vulnerability in different situations.
Climate change should not be undertaken at the expense of other challenges and opportunities in everyday life [15] . Therefore, non-climate-related phenomena (such as land subsidence intensive fish farming, salinization of freshwater supplies due to excessive drawdown, and slopeland exploitation because of illegal plantation and earthquakes) should also be taken into consideration for disaster risk reduction [2] . Furthermore, other contributors including social injustices, discrimination, poor wealth distribution, and a value system that allows unsustainable use of environmental resources should also be considered [3] .
Many authors have suggested that it is important to understand the interactions between global environmental changes (including climate change) and other socio-economic and political changes happening at multiple spatial and temporal scales in order to create effective and efficient adaptation policy [3, 6] . Moreover, the domain within development and governance work that is best appropriate for emphasizing climate change adaptation is disaster risk reduction [13, 15, 35] which deserves further investigation in addition to vulnerability explored in this study. Climate has a cultural history, which is interwoven with its physical history [36] . This Taitung study is a case study in the Southeast coast of Taiwan, an island state lying in the west side of the Pacific Ocean. Although this study has its unique cultural and natural characteristics, this study can serve as an example for other island states to explore the climate change impacts and the related biophysical and social vulnerabilities.
